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1 1: $\mathbb{C}_{\exp}$,




, , . ,
$\mathbb{C}_{\mathrm{o}\mathrm{x}\mathrm{p}}=(\mathbb{C}, +, -, \cdot, \mathrm{e}\mathrm{x}\mathrm{p}, 0,1)$ , $\mathrm{R}_{\alpha \mathrm{p}}=(\mathrm{R}, +, -, \cdot, \mathrm{e}\mathrm{x}\mathrm{p}, 0,1)$ ,
. , C xp 2 .
1 (Marker) $\mathbb{C}_{\epsilon \mathrm{x}\mathrm{p}}$ .
: $\mathbb{C}_{\mathrm{G}3\zeta}\mathrm{p}$ , $\mathbb{C}$ , $\mathbb{C}^{n}$
. $\mathbb{C}$ , $\mathbb{C}$ .
, C G\mbox{\boldmath $\delta$} .
$\mathbb{Q}$ $\mathbb{C}_{\mathrm{c}\mathrm{x}\mathrm{p}}$ $G_{\delta}$ , Baire Categoricity Thm
. (Baire $\mathbb{Q}$ $G_{\delta}$ , Jech Set
$\mathrm{T}\mathrm{h}\infty \mathrm{r}\mathrm{y}$ )
2 (Marker) (Schanuel . )
$P\in \mathbb{Q}[X, \mathrm{Y}]$ , $X,$ $\mathrm{Y}$ $P$ . $f(z)=p(z, e^{z})=$
$0$ , .
.
3 $f(z)=p(z, e^{z})$ , $Z,$ $W\neq 0,$ $f(z)=f(w)=0$ $z\neq\pm w$ . $z$ $v$1
.
:( ) . $z,$ $w$ $\mathbb{Q}$
. $z,$ $w$ ,
$\mathrm{t}\mathrm{r}.\deg_{\mathbb{Q}}(\mathbb{Q}(z, u" e^{z}, e^{w}))=1$
. Schanuel $z,$ $w$ $\mathbb{Q}$ 1 ,
$m,$ $n$ $mz=nw$ . $m=n$
.
$z,$ $w$ $mz=nw$ Schalluel
Marker , 3 Schanuel
. Marker Schanuel
.




4 (Zilber) $V(\overline{x},\overline{y})\subseteq \mathbb{C}^{2n}$ $B\subset \mathbb{C}$ .
$\overline{x}=(x_{1}, \cdots, x_{n}),\overline{y}=(y_{1}, \cdots, y_{n})$ $y_{i}=\exp x_{i}$ . $V$ , normal free
. , $V$ generic , , $\mathbb{C}_{\text{ }\mathrm{x}\mathrm{p}}$ , countable
closure property $(\mathrm{c}\mathrm{c}\mathrm{p})$ .
: $(\overline{a}, \exp(\overline{a}))\in V$ generic .
$S=\{\overline{x}\in \mathbb{C}^{n} : (\overline{x}, \exp(\overline{x}))\in V\}$
, $(\overline{a}, \exp(\overline{a})$ .
,
$[0,1]\ni trightarrow\overline{x}(t)\in S$, $\overline{x}(0)=\overline{a}$
C\infty \infty - $t:[0,1]arrow U\subset S$ $U$ $\overline{a}$ . $(t)=\exp(x_{i}(t))$
.
$0$ $D_{0}$ . $f\in D_{0}$
$Df=\underline{df}$ . $x_{1}(t),$ $\cdots,$ $x_{n}(t),$ $y_{1}(t),$ $\cdots,$ $y_{n}(t)$ . ,
$dt$
$Dy_{i}=y_{i}Dx$: ( $\mathrm{i}$ ) (1)
. $(\overline{x}(t),\overline{y}(t))\in V$ , $V$ $(\overline{a}, \exp(\overline{a}))$
$\mathrm{t}\mathrm{r}.\deg_{B}(\overline{x}(t),\overline{y}(t))=n$ (2)
.
, $dx\iota(t),$ $\cdots,$ $dx_{n}(t)$ 1 ,
$dx_{1}(t)\equiv\cdots dx_{k}(t)\equiv 0$ $dx_{t+1}(t),$ $\cdots,$ $dx_{n}(t)$ 1 . $(n$
1 $k=0$ ) $x_{1}(i)=a_{1},$ $\cdots,$ $x_{k}(t)=a_{k}$ , $y_{1}(t)=$
$\exp(a_{)},$ $\cdots,$ $y_{k}=\exp(a_{k})$ . $V$ normal $(\overline{a}, \exp(\overline{a}))$ generic
$\mathrm{t}\mathrm{r}.\deg_{B}(a_{1}, \cdots , a_{k},\exp(a_{1}), \cdots, \exp(a_{k}))\geq k$
.
$\mathrm{t}\mathrm{r}.\deg_{B}(x_{k+1}(t), \cdots x_{n}(t),$ $y_{k+1}(t)_{!}\cdots,$ $y_{n},(t))$












1 . , SShelah
$M^{\propto t}$ .
M L . n , 2n- L




$\Lambda I^{\alpha_{1}}=$ { $e$ :\alpha $E$ $e$ E- }
. , .
$x=y$ , $\Lambda f$ $a$ $a/(x=y)$ , $M\subset \mathrm{A}f^{\mathrm{q}}$
. $\varphi(\overline{x},\overline{y})=\bigwedge_{1<n}x_{i}=y_{i}$ , $(a_{1}, \cdots, a_{n})\in \mathrm{A}f^{n}$ $\overline{a}/\varphi(\overline{x},\overline{y})\in \mathrm{A}f^{\epsilon \mathrm{q}}$
– .
5 $X\subseteq M^{n}$ , $X$ $\varphi(\overline{x}$ , . $\overline{x}$
$n$ $\overline{a}\in \mathrm{A}f$ $m$ . $L$- $\varphi(\overline{x},\overline{y})$ , 2$m$- $E_{\varphi}$ ,
$E_{\varphi}(\overline{y}_{1},\overline{y}_{2})\Leftrightarrow\forall\overline{x}(\varphi(\overline{x},\overline{y}_{1})rightarrow\varphi(\overline{x},\overline{y}_{2}))$
. $\overline{a}/E_{\varphi}\in \mathrm{A}f^{\mathrm{W}}$ $X$ ( ) .
$X\subseteq M^{n}$ , $e\in M^{\alpha_{1}}$ $X$ . $e$
, $\overline{b}\in \mathrm{A}f^{m}$ ,
$e\in \mathrm{d}\mathrm{c}1^{\mathrm{q}}(\overline{b})$ $\overline{b}\in \mathrm{d}\mathrm{c}1^{\epsilon \mathrm{q}}(e)$
. ,
$\forall\sigma\in \mathrm{A}\mathrm{u}\mathrm{t}(M)(\sigma(X)=X$ ( ) $\Leftrightarrow\sigma$($\overline{b}\rangle=\overline{b}$ ( ))
. $\overline{b}$ , $X$ . $\overline{b}$ $X$
.
6 $M$ . $a,$ $b\in\Lambda\cdot f$ , $\{a, b\}\subset M$
$\varphi(x, a, b):=$ $” X=a\vee x=b$ ” . $\varphi$ ,
.




8 $\mathbb{C}_{\text{ }\mathrm{x}\mathrm{p}}=(\mathbb{C}, +, \cdot, 1,0, \exp)$ ,




. $\varphi(x)$ , $x,$ $y\in \mathbb{C}$ ,
$\exists z(\varphi(z)\wedge z=x-y)$
, x\sim y . ,
, C xp .
, ,
$e\in \mathrm{d}\mathrm{c}1^{\mathrm{e}\mathrm{q}}(\overline{b})\mathrm{B}^{\mathrm{a}}.\supset\overline{b}\in \mathrm{a}\mathrm{c}1^{\alpha_{1}}(e)$







Denef; van den Dries .
2. 1 Weierstrass
( ) . $F$ , $F[[x_{1}, \cdots, x_{n}]]$ F.
, $F\{x_{1}, \cdots, x_{n}\}$ $F$ . 2
. , $R_{n}=F[[x_{1}, \cdots, x_{n}]]$ $R_{n}=F\{x_{1}, \cdots, x_{n}\}$ .
9(Weierstrass ) $f= \sum_{I^{C}I^{X^{I}}}\in R_{n}$ . $i$ ( $0\leq i\leq d-1$ )
$c_{0\cdots 0i}=0$ $c_{0\cdots 0d}\neq 0$ ,
(1) $g\in R_{n}$ ,
$g-qf=a_{0}+a_{1}x_{n}+\cdots+a_{d-1}x_{n}^{d-1}$ $(a_{1}\in R_{n-1})$ (4)
$q$ $a_{i}$ – .
(2) R $u$
$f=u \cdot(x_{n}^{d}+\sum_{i=1}^{d}b_{i}x_{n}^{d-i})$ ( $b_{\dot{2}}$ Rn-l )
.
$R_{n}$ , Weierstarass .
10 ( ) $A$ , $rn$ . $A$ $\Lambda\cdot f$ $M$ $N$
(1) (2) .
(1) $\Lambda I=N$
(2) $\Lambda I/N$ $A$ , $\Lambda I=n\mathrm{t}M+N$ .
:(WPT ( ), $\overline{\partial}$ , , , )
$R_{n-1}^{[}:=F[[x_{1}, \cdots, x_{n-1}, f]]$ $F\{x_{1}, \cdots, x_{n-1}.f\}$ .
$R_{n}/( \sum_{i=1}^{n-1}x_{i},R_{n}+fR_{n})\sim F[x_{n}]/x_{n}^{d}F[x_{n}]$ ( $F$ )
$R_{n}/( \sum_{i=1}^{n-1}x_{i}R_{n}+fR_{n})$ 1, $x_{n}.,$ $\cdots,$ $x_{n}^{d-1}$ , $R_{n-1}^{f}$

















, Denef van den Dries .
$\mathrm{R}^{n},$






[DD] Denef , $\mathbb{Q}_{p}$ , semi-algebraic
semi-algebraic Macintyre ,
12 (Denef ) $\mathbb{Z}_{p}$ $L_{an}^{D}$- .
. $L_{an}^{D}$ , $f\in \mathbb{Z}_{p}\{X_{1}, \cdots’.X_{m}\}$ , 2












13 $X\subseteq \mathbb{R}^{m}$ , $f(X)\subseteq \mathbb{R}^{m}$ sukanalytic , finitely sukanalytic
. ,
$f(x_{1}, \cdots, x_{m})=(\frac{x_{1}}{\sqrt{1+x_{1}^{l}’}}\cdots,$ $\frac{x_{m}}{\sqrt{1+x_{m}^{2}}})$
.
finitely sub-analytic finitely sub-analytic . $\tan^{-1}x$
.
14 $f$ : $(0, \infty)arrow \mathrm{R}$ finitely sub-analytic , $a\in \bm{\mathrm{R}}$ $d\in \mathrm{N}$
$t>a$ $|f(t)|^{d}<t^{d}$ .
: $t= \frac{1}{x}$ , $f$ , subanalytic $g:(0, \epsilon)arrow \mathrm{R}$ ,
( $\lim_{xarrow 0}g(x)=0$ ) .
$g$
$\mathrm{R}^{2}$ subanalytic Lojasiewicz semianalytic .
$(0,0)$ $F(X, \mathrm{Y})=\sum a_{mn}X^{m}\mathrm{Y}^{n}$ ,
$x$ $F(x, g(x))=\mathit{0}$ . $g$ $0$ ,
$X$ $F$ $X$ .
WPT
$F=\mathrm{Y}^{k}+a_{1}(X)\mathrm{Y}^{k-1}+\cdots+a_{k}(X)$
. ai(X) O ai(o)=o .
$F(x, g(x))=0$ $g$ $x$ $g(x)$ Puiseux





( $p- \mathrm{a}\mathrm{d}_{1}’\mathrm{c}\mathrm{a}\mathrm{l}\mathrm{l}\mathrm{y}$ closed field) $\mathbb{Q}_{P}$ , $\mathbb{C}_{P}$





. , ACVF (algebraically closed valued fields) ,




, ( ) 4 , Fried, Jarden eld $Ar\dot{\tau}thmetic[\mathrm{F}\mathrm{J}]$
.
15 $F$ , $\Gamma=(\Gamma, +, <)$ . $v:Farrow\Gamma\cup\{\infty\}$ $F$
.
1. $v(ab)=v(a)+v(b)$
2. $v(a+b) \geq\min\{v(a), v(b)\}$
3. $v(a)=\infty$ if and only if $a=\mathit{0}$
4. $v(a)\neq \mathit{0}$ $a\in F^{\mathrm{x}}=\{x\in F:x\neq 0\}$ .
$v$ $F$ , $(F, v)$ .
16 2 .
.
17 ( ) 1. $v(1)=\mathit{0},$ $v(-a)=v(a)$
2. $a\neq \mathit{0}$ , $v(a^{-1})=-v(a)$
3. $v(a)<v(b)$ $v(a+b)=v(a)$
18 $(F^{1}, v)$ .
1. $1_{v}^{\urcorner}=v(F^{\mathrm{x}})$ $\Gamma$ , $v$ .
2. $O_{v}=\{a$. $\in F:v(a)\geq 0\}$ $F$ , $v$ .
9
9
3. $\mathfrak{M}_{v}=\{a\in F:v(a)>0\}$ $O_{v}$ – , $\overline{F}_{v}=O_{v}/\mathfrak{M}_{v}$ $F$ $v$
.
19 $F$ $\mathit{0}$ , $O$ .
$\forall x\in F(x\neq \mathit{0}arrow x\in O\vee x^{-1}\in O)$
, $O$ $(F, v)$ $v$ .
: $U=\{x\in F:x\in O\wedge x^{-1}\in O\}$ . $\Gamma=F^{\mathrm{x}}/U$ , $x,$ $y\in p\cross$
$xU\geq yUrightarrow x\overline{y}\iota\in O$
$\Gamma$ , $v(x)=xU$ $(F, v)$ $\mathit{0}$
.
32 $\mathbb{Q}_{p}$




20 $p$ . $x\in \mathbb{Q}$ , $x=p^{n} \frac{a}{b}$ $a,$ $b$ $P$
. $n$ $x$ $P$ - , $n=v_{p}(x)$ $\text{ }$ . $|x|_{p}=p^{-v_{\mathrm{p}}(x)}$ , P-




$i$ $0\leq a_{i}$. $<p$ . $a\in \mathbb{Q}_{p}$ , $\mathit{0}$
$a_{1}$ $m\in \mathbb{Z}$ $a$ p- $v_{p}(a)=m$ . $|a|_{p}=p^{-v_{p}(a)}$ .
$\mathbb{Q}$ $\mathrm{R}$
.
21 $\mathbb{Q}_{p}$ p- .
22 $\mathbb{Q}_{\mathrm{P}}$ $v_{P}(\mathbb{Q}_{P})$ $(\mathbb{Z}, +, <)$ .









. $\mathbb{Q}_{p}$ , $\{s_{N}\}_{N=1}^{\infty}$ . $N<M$
$|S_{M}-S_{N}|_{p}=|c_{N+1}+ \cdots+c_{M}|_{p}\leq\max\{|c_{N+1}|_{p}, \cdots, |c_{M}|_{p}\}$
$|S_{M}-S_{N}|_{p}arrow O$ .
24 1. $\mathbb{Z}_{\mathrm{P}}=\{x\in \mathbb{Q}_{P} : |x|_{P}\leq 1\}\mathbb{Z}_{p}$ \Psi . .
2. $\mathrm{m}=\{x\in \mathbb{Z}_{p} : |x|_{p}<1\}$ $\mathbb{Z}_{p}$ – . $\mathrm{m}=p\mathbb{Z}_{p}$ .
3. $\mathbb{Z}_{p}/\mathrm{m}=\mathrm{F}_{p}$ , $P$ .
3.2.2 Hensel
25 (Hensel , Newton ) $f(x)\in \mathbb{Z}_{P}[x]$ . $a0\in \mathbb{Z}_{p}$ $f(a\mathrm{o})\equiv 0$ $($
$\mathrm{m}\mathrm{o}\mathrm{d} p)$ $f’(ao)\not\equiv O$ (mod $p$) .
$f(a)=\mathit{0}$ $\mathrm{B}^{\mathrm{a}}.\supset$ $a\equiv a_{0}$ (pod $p$)
$a\in \mathbb{Z}_{p}$ – .
26 $f(x)=x^{n+1}+x^{n}+b_{n-1}x^{n-1}+\cdots+b_{1}x+b_{0}$ $\mathbb{Q}_{p}$ . $b_{0},$ $\cdots$ , $bn- l\in$
$\mathrm{r}\mathfrak{n}=p\mathbb{Z}_{p}$
: $f(-1)\equiv 0$ (mod $p$) . $f’(-1)\equiv(n+1)(-1)^{n}+n(-1)^{n-1}\equiv\pm 1\not\equiv 0|$
$\mathrm{a}\mathrm{o}\mathrm{d}p)$ Hensel $f(a)=0$ $a\equiv-1$ (mod $p\rangle$ $a\in \mathbb{Z}_{p}$ .
27 $\mathbb{Q}_{P}$ .
: Hensel , $n$ $\mathbb{Q}_{p}$ $n$ $F$
.
28 (Eisenstein ) $f(x)=x^{n}+a_{n-1}x^{n-1}+\cdots+a_{1^{X}}+a0\in \mathbb{Z}_{p}[x]$ .
1. $|a_{1}|_{p}<1(i=\mathit{0},1, \cdots, n-1)$
$2$ . $|a_{0}|_{p}=1/p$
, $f(x)$ $\mathbb{Q}_{p}[x]$ .
: $\mathbb{Z}_{p}$ , $\mathbb{Q}_{P}$ , Gauss $f(x)$ $\mathbb{Z}_{P}[x]$
. $f(x)=g(x)h(x)$ $\mathbb{Z}_{p}[x]$ . $g(x),$ $h(x)\in \mathbb{Z}_{p}[x]$
. $g(x)$ $b_{0},$ $h(x)$ co . $a_{0}=$ boco , $a_{\theta}$
$|b_{0}|_{\mathrm{p}}=1/P$ $|c,0|_{p}=1/p$ . $|b_{0}|_{p}=1/p$ . $c_{0}=1$ .





30 $n$ , $x^{n}-p$ $\mathbb{Q}_{p}[x]$ .
3.23 $\mathbb{Q}_{p}$
$\mathbb{Q}_{p}$ $K$ ($p\cdot \mathrm{a}\mathrm{d}\mathrm{i}\mathrm{c}$ field) . $K$ $O$ , $\mathit{0}$
m K O/m=k . , p Fp
.
31 1. $f=[k:\mathrm{F}_{\mathrm{p}}]$
2. $e=[|K^{\mathrm{x}}|_{p};|\mathbb{Q}_{p}|_{p}]=\#(|K^{\mathrm{x}}|_{p},p^{\mathrm{Z}})$ $K$ $\mathbb{Q}_{p}$ .
32 ( ) 1. $K$ .
2. $[K : \mathbb{Q}_{p}]=ef$
$K$ . $\mathbb{Q}_{p}$ ,
$a=a_{m}p^{-m}+a_{-(m-1)}p^{-(m-1)}+\cdots+a_{1}p^{-1}+a_{0}+a_{2}p^{2}+a_{3}p^{3}+\cdots$
. $a:\in \mathrm{F}_{p}$ . $K$ $x$ ,
$x=x_{m}\pi^{-m}+x_{-(m-1)}\pi^{-(m-1)}+\cdots+x_{1}\pi^{-1}+x_{0}+x_{1}\pi+\cdots$





$\mathbb{Q}_{P}$ , . r ,
.
$\mathbb{Q}_{P}$
$\mathbb{Q}_{\mathrm{p}}^{\mathrm{a}}$ . $\mathbb{Q}_{p}^{\mathrm{a}}$ , $\mathbb{Q}_{p}^{\mathrm{a}}$
, . $\mathbb{C}_{p}$ .
33 $\mathbb{Q}_{p}$ $\mathbb{Q}_{p}^{a}$ .
: $P$ $n$ , 1 $n$ 1 $f(n)$ . $r\iota$ $P$





$\mathbb{Q}_{p}^{a}$ , $\alpha\in \mathbb{Q}_{p}^{a}$ . $\alpha\in K$ $\mathbb{Q}_{P}$ $K$
.
: $n$ $f(n)\in K$ .
$f(1)=1\in K$ . $n<m$ $f(n)\in K$ . $f(m)\in K$





$\mathfrak{p}$ $\mathit{0}_{\kappa=}\{x\in K : |x|_{p}\leq 1\}$ $\beta\equiv f(m)$ $(\mathrm{m}\mathrm{o}\mathrm{d} \mathfrak{p})$ .
$f(m)$ 1 $m$ , $x^{m}-1=0$ $\mathrm{m}\mathrm{o}\mathrm{d}$ $\mathfrak{p}$
. Hensel $K$ .
$p$ $m$ 1 $m$ $\mathrm{m}\mathrm{o}\mathrm{d} \mathfrak{p}$ . $f(m\rangle$ $\in K$
. .
, mod $p$ , $K$ $\mathbb{Q}_{p}$
.
34 $\mathbb{Q}_{\mathrm{p}}^{a}$ $\mathbb{C}_{P}$ .
35 $\mathbb{C}_{P}$ .
8.4 r . QE
3.4.1 r
Qp – Hensel . Macintyre Qp , QE
. , Prestel, Roquette r
$\mathrm{Q}\mathrm{E}$ .
36 ( ) $(K, v)$ , $F_{p}$ , $v(p)=1$
, $(K, \mathrm{t}’)$ .
\psi (K, v) , (L, v) L K $L=K$
, $(K, v)$ $L$
, $(K, v)$ .
37 $(K, v)$ . $K$ $K$





38 1. $\mathcal{L}_{R}=\{+)-, \cdot, -1.O, 1, R\}$ . 1 , $R$
1 .
2. : $\forall x(x\neq 0arrow R(x)\vee R(x^{-1}))$
$\mathcal{L}_{R}$ ,
1. $R$ .
2. Hensel $R$ .





39 ( ) $T$ . $T$ .
, $N_{1}$ $N_{2}$. , $M$ $T$ , $N_{1}\equiv_{M}N_{2}$
.
, . $N$ $T$ $\mathrm{A}I\subset N$
, $T\cup D(\mathrm{A}\cdot\prime I)$ . $D(\Lambda f)=\langle\Lambda f, m\rangle_{m\epsilon M}$
40 ( ) $T$ 1 . , $T$ $T$
.
: $T$ . $\mathcal{L}$ $T$ . $\varphi(x)$ . $\mathcal{L}$
$c$ . $\varphi(x)$ $\mathcal{L}’=\mathcal{L}\cup\{c\}$
$\Sigma=T\cup\{\varphi(c)\}\cup$ { $\neg\psi(c):\psi(x)$ $T\vdash\forall x(\psi(x)arrow\varphi(x))$ L- }
.
: $\Sigma$ .
$\Sigma$ , $N$ $\Sigma$ . $c$ $N$ $c$
. $c$ $N$ $A$ . $N\models\varphi(c)$ ,




. $D(A)$ , $\mathcal{L}$- $\theta(x)$
$T\vdash\theta(c)arrow\varphi(c)$ (6)
. $N\models\theta(c)$ .
C L , (6) –
$T\vdash\forall x(\theta(x)arrow\varphi(x))$ (7)
. $\Sigma$ $N\models\Sigma$ $N\models\neg\theta(c)$ . $\Sigma$
.
, $\Sigma$ $\Sigma_{0}$ .
L- $\psi_{1}(x),$ $\cdots,$ $\psi_{n}(x)$ , $i(i=1, \cdots, n)$
$T\vdash\forall x(\psi_{i}(x)arrow\varphi(x))$ (8)
,
$T\vdash(\varphi(c)arrow i=1\vee\psi_{i}(c))n\text{ }$ (9)
. $c$ $\mathcal{L}$ (9)
$T\vdash\forall x(\varphi(x)arrow i=1\psi_{i}(x))n$ (10)
. , (8) (10)
$T\vdash\forall x(\varphi(x)rightarrow i=1\vee\psi_{i}(x))n$
$\varphi(x)$
41 . ([Sa]. Thm 13.1 )
42 $F$ , $n$ . . $F^{n}=\{x^{n}\in F:x\in F\}$ .
,
$F\supseteq F^{2}\supseteq F^{3}\supseteq\cdots\supseteq F^{n}\supseteq\cdots$
.
43 $K$ p- , $L,$ $L’$ $K$ , $p$ - , $\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{k}_{p}(L)=$





: $\overline{K_{1}}$ $L_{1}$ $K$ , $K\cap L_{1}^{n}=K\cap\overline{K_{1}}^{n}$ . $K$ $L_{2}$
$\overline{K_{2}}$ , $K\cap L_{2}^{n}=K\cap\overline{K_{2}}^{n}$ . ,
$K\cap\overline{K_{1}}^{n}=K\cap\overline{K_{2}}^{n}$
. $$ $\overline{K_{1}}\simeq_{K}\overline{K_{2}}$ . $\overline{K_{2}}$ – , $K$ $L_{1}$
$\tilde{K}$
$L_{2}$ . $L_{1}\equiv_{\tilde{K}}L_{2}$
. $K$ $L_{1}$ $L_{2}$ .
$K$ . $K_{1}\preceq L_{1}$ $K\preceq L_{2}$ , $L_{1}\equiv\kappa L_{2}$ .
44 $[K:\mathbb{Q}_{p}]=d$ , , $d=[K:\mathbb{Q}_{P}]$




45 $\langle$Macintyre – ) p- $d$ p- $\mathcal{L}_{d,P_{n}}$
, .
: 43 , $\mathcal{L}_{d,P_{\hslash}}$ ,
. , 40 ,










47 ( ) $M$ , $A\subseteq M$ .
$x\in A$ , $\Lambda f$ $x$ $U$ , $\cdot$ . . , $f_{k}$ ,
$U\cap A=\{z\in M : f_{1}(z)=\cdots=f_{k}(z)=0\}$
, $A$ .
48 ( ) 1. :
$A$ , $A$ U $U\cap-- A=A$
2. $\mathrm{A}f,$ $N$ , $A$ $M$ , $B$ $N$
i) $A\cross B$ $M\cross N$
ii) $\varphi:Marrow N$ , $\varphi^{-1}(B)$ $M$
3. $M$ , $A_{1},$ $A_{2}$ $M$
i) $A_{1}\cap A_{2}$
ii) $A_{1},$ $A_{2}$ $A_{1}\cup A_{2}$
4.2
[Z1] , .







5. $a\in\Lambda I^{k},$ $S\subseteq\Lambda I^{k+1}$




( $\mathrm{D}\mathrm{P}\rangle 1$ $0$ .
$( \mathrm{C}\mathrm{U})S=\bigcup_{i\in \mathrm{N}}$ $\dim S=\max_{i\in \mathrm{N}}\dim$ Si
$\langle$ $\mathrm{W}\mathrm{P})D\subseteq_{op}\Lambda f^{n},$ $V\subseteq_{\varphi}M^{k}$ $F\subseteq_{\mathrm{C}l}D\cross V$
$\mathrm{p}\mathrm{r}:D\mathrm{x}Varrow D$ , $\dim pr(F)=\dim$D. ,
$D_{1}-D_{2}\subseteq \mathrm{p}\mathrm{r}(F)$ $\dim(D_{1}-D_{2})=\dim D$
$D_{1},$ $D_{2}\subseteq_{\mathrm{C}}\iota D$ .
50 ( ) $S\subseteq M^{n}$ .






$\mathcal{P}^{\mathrm{p}\mathrm{r}}(S, k)=\{a\in \mathrm{p}\mathrm{r}S:\dim(S\cap \mathrm{p}\mathrm{r}^{-1}(a)\geq k\}$
$\mathrm{p}\mathrm{r}S$
51 $S\subseteq U\subseteq_{op}\Lambda b^{2}$ .
1. $S$ $U$
2. $a\in S$ $V_{a}$ , $S\cap V_{a}$
.
$S$ .
(INT) $S_{1},$ $S_{2}\subseteq_{an}U$ $S_{1}\cap S_{2}$
(CMP) $S\subseteq_{an}U$ $a\in S$ .
$a\in S_{a}-S_{a}’$ $S=S_{a}\cup S_{a}’$





52 $S\subseteq_{C}\iota U\subseteq_{op}M^{n}$ , ark$u(S)$ .
1. ark$(S)=\mathit{0}rightarrow S=\emptyset$
2. $\mathrm{a}\mathrm{r}\mathrm{k}_{U}(S)\leq k+1rightarrow$ ($S’\subseteq_{C}\iota S$ $\mathrm{a}\mathrm{r}\mathrm{k}_{U}(S’)\leq k$ $S-S’\subseteq_{an}U-S’$)
$3$ . $\mathrm{a}\mathrm{r}\mathrm{k}_{U}(S)$ 1, 2
(AS) $S\subseteq_{cl}\Lambda f^{n}$ ark$(S)<\omega$
.
(PS) $S_{1},$ $S_{2}\subseteq_{m}U\subseteq_{op}\Lambda f^{n}$ $S_{1},$ $S_{2}$ . $S_{1}\cap S_{2}$ $S_{0}$
$\dim S_{0}\geq\dim S_{1}+\dim S_{2}-\dim U$
, pr\sim smooth .
4.2.1
$V=(\mathbb{C}, +),$ $F=(\mathbb{C}, +, \cdot),$ $\mathrm{e}\mathrm{x}\mathrm{p}:Varrow F$ .
53 $(V, \mathrm{e}\mathrm{x}\mathrm{p}, F)$ pre-smoot. $\mathrm{h}$ ,
.
54 $\langle$Peatfleld) , $K_{\mathrm{o}\mathrm{x}}$ pre-smooth
.
2006 7 [Pe] . .
, $K_{\mathrm{e}\mathrm{x}}$ .
1. $K$ , $0$ .
2. $ex:K^{+}arrow K^{\cross}$ , $\mathrm{e}\mathrm{x}$ $\mathbb{Z}$ .
3. (Schanuel ) K $A$ ,
$\mathrm{t}\mathrm{r}.\deg_{\mathbb{Q}}(A, \mathrm{e}\mathrm{x}(A))-1\mathrm{i}_{11}.\deg_{\mathbb{Q}}(\lrcorner 4)\geq 0$
4. $K$ $A$ , fret llomml $V\subset K^{2n}$ $(\overline{z}, \mathrm{e}\mathrm{x}(\overline{z}))$
$V$ $A$ generic $\overline{z}\in K^{n}$ .
5. $V$ 4 $V$ $n$ $(\overline{z}.\mathrm{e}\mathrm{x}(\overline{z}))$ $V$ $A$ generic
2 . ( $V\subset K^{2n}$ )
19
19







. $\overline{x}=(x_{1}, \cdots, x_{n}),\overline{y}=(y_{1}, \cdots, y_{m}),$ $n\geq m\geq \mathit{0}$ $\mathbb{Q}$
, S(Kn+m) l .
$S$ simple closed .
$S$ simple closed $S(\overline{K}^{-+m})$ $\dim(V_{S})$ $-m$ .
56 simple closed $S(\overline{x},\overline{y})$ ,
$S^{0}:=S\wedge\wedge$ { $\neg S’|S’\mathrm{s}\mathrm{i}\mathrm{m}\mathrm{p}\mathrm{l}\mathrm{e}$ closed, $S’(K)\subsetneq S(K),$ $\dim(S’(K^{n}))=\dim(S(K^{n}))$ }
$S^{b}:= \{(\overline{x},\overline{y})\in\bigcup_{\dot{*}=1}^{k}S_{i}(K^{n+m})|\mathrm{r}\mathrm{k}(\mathrm{J}\mathrm{a}\mathrm{c}(S)(\overline{x},\overline{y})<\min_{i=1}^{k}\{\mathrm{r}\mathrm{k}(\mathrm{J}\mathrm{a}\mathrm{c}(S:)(\overline{x},\overline{y}))\}$
. $S_{1},$ $\cdots,$ $S_{k}$ simple closed $S_{i}(K)\subsetneq S(K)\dim(S_{i})=\dim(S)$
. ( ) $S^{b}$ $S$ main
part .
simple clos\’e $S$ ,
$\hat{S}:=S^{0}\vee S^{b}$
$S$ special closed relation .
$\mathcal{L}$ , $\mathcal{L}$ $K$ .
57 $\mathcal{L}$ .
1. simple clos\’e relation $S$ special clos\’e relation $\hat{S}$
2. $K^{n}$ $p_{-K^{n}}$ , $0$
, L , Kn K
$\mathcal{L}$-closed , $\mathcal{L}$-closed $K$ .






58 $M$ 1 . $M$ $X$
$|X|\leq \mathrm{N}_{0}$ $|M-X|\leq\aleph_{0}$
, M . , X .
. ,
.
59 (Zilber) $\mathbb{C}_{\mathrm{W}}=(\mathbb{C}, +, \cdot, \mathrm{e}\mathrm{x}\mathrm{p}, 0,1)$ .
60 1. Zilber , Wilkie . .
2. $K_{\alpha}$ $L_{(v_{1}\omega}(Q)$ ( $Q$ ) , 1
.
Zilber .
3. , , Shelah
excellent class – , $K_{\mathrm{e}\mathrm{x}}$ excellent class
.
– .
61 ( ) $\bullet$ $T$ \mbox{\boldmath $\omega$}-
$\bullet$ $M\models T$
, $M$ $\Lambda f’$ \mbox{\boldmath $\omega$}- .
44
62 ( ) $(\mathbb{Q}^{\omega}, +, \sigma, 0)$ .
, $x=(x_{0}, x_{1}, \cdots)\in \mathbb{Q}^{\omega}$ $\sigma(x)=(x_{1}, x_{2}, \cdots)$
$(\mathbb{Q}\omega,$ $+, \sigma, 0)$ 1 ,
2 .
Zilber $K_{\mathrm{e}\mathrm{x}}$ Schanuel ,
, .





, 1 $C_{p}\ovalbox{\tt\small REJECT}$ – pvalued fields
.
4.5.1
, , . Peatfield $K_{ex}$ ,
Zilber .
K L\mbox{\boldmath $\omega$}l\mbox{\boldmath $\omega$}(Q) , .
$C_{\mathrm{e}\mathrm{x}}$ . $C_{\mathrm{r}}$ $\mathbb{C}_{\exp}$ , Schanuel .






ACVF – , $\mathbb{C}_{p}$
.
$C_{p}\ovalbox{\tt\small REJECT}$ , p-adically closed fields formally $r$adic fields
. Grothendieck Clucker-Haskel
radically closed fields formally $\text{ }\mathrm{a}\mathrm{d}\mathrm{i}\mathrm{c}$ fields .
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